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v m m  m is x L i  -s tre s s  b i a i r  k r o  3- p i r  c a i r r  s o d ito  ' c h lo r id e
' ^ SOLUTI ON" -v-
D is s e r ta t io n  f o r  M »Sc*(Bng*) S u b m itte d  b y  A ,B * .BAILEY* B»So» ,
WM ’ART _ . ,W , . ,  ,,,!-
I t  was known th a t  c a s t  5 0 - to n  b e ta  “b rass  { c o n ta in in g  
abou t 5 p e r c e n t aluminium and 1 -2  p e r  c e n t each o f  I r o n  and 
.manganese) was © s p e c ia l ly  s u s c e p t ib le  to  i n t e r  c r y s ta l  l i n e  
f a i l u r e  unde r te n s i le  s t re s s  w h ile  I n  c o n ta c t w i t h  sea?w a te r 
o r  3 p e r c e n t sodium  c h lo r id e  s o lu t io n *  . ,.N The p r im a ry  o b je c t  
o f  th e  p re s e n t re s e a rc h  was to  d e te rm in e  th e  in f lu e n c e  o f  ; 
aluminium on the  In  t e r  c r y s ta l  l i n e  weakness*
A rang© o f  sand c a s t  4 0 - to n  b e ta  b ra s s e s , c o n ta in in g  v ^ 
fro m  n i l  to  4 p e r  c e n t a lu m in iu m , was te s te d *  fh© a l lo y s  
o f  lo w  a lu m in iu m  c o n te n t c o n ta in e d  a d d it io n s  o f  I r o n  and 
manganese, and I n  a few  eases , o f  n ic k e l  and t i n ,  i n  o rd e r  
to  g iv e  the  d e s ire d  t e n s i le  s t re n g th *  A b in a ry  b e ta  a l lo y  
and the 5 0 -to n  m a te r ia l were in c lu d e d  I n  th e  te s ts *
A lth o u g h  i n  s p e c i f ic  cases the  r e s u l t s  w ere in c o n s is te n t ,  
r a p id  I n t e r  c ry  s t a l l in ©  f a i l u r e  in  s a l t  s o lu t io n  u n d e r s u s ta in e d  
s t r e s s ,  o f  th e  o r d e r .o f  the  0 *1  p e r c e n t p ro o f  s t re s s  o r  
h ig h e r ,  o c c u rre d  o n ly  I n  th e  a l lo y s  c o n ta in in g  3 *4  and 4 p e r
2 *
c e n t a lu m in iu m  and the  5 0 *to n  b ra ss  w i t h  5 p e r , c e n t a lum in iu m * 
I n  te r  c r y s ta l  l in e  f a i lu r e s  a ls o  o c c u rre d  in  the s u s c e p t ib le  
a l lo y s  a t  h ig h  s u s ta in e d  s tre s s e s  in  a i r *  The 4 p e r  ce n t 
a lu m in iu m  b ra ss  was m ost s u s c e p t ib le  to  in  t e r  c r y s ta l  l i n e  
c ra c k in g  i n  a i r ,  th e re  b e in g  l i t t l e  d if fe re n c e  fro m  b e h a v io u r 
in  s a l t  s o lu t io n ,  and c ra c k in g  was n o t  p roven  te d  b y  im m ers ing  
the specim en in  l i q u i d  p a r a f f in  o r  'xmch in e  o i l ,  o r  b y  c o a t in g  
w i th  p la s t i c *  The weakness in  th e  h ig h  a lu m in iu a  a l lo y s  
was in d ic a te d  b y  low  r e s u l t s  and in  t e r  c r y s ta l  l in e  f r a c tu r e s  
in  o r d in a r y  te n s i le  te s ts  w i t h  the  specim ens im m ersed in
-.sa lt s o lu t io n  • -  V * ’ ' k 7.,:,;'-. "7~: 7 ., '7 . ’
I t  was co nc luded  th a t  a lu m in iu m  was re s p o n s ib le  f o r  the  
in  t e r  c r y s t a l l in e  weakness, ca u s in g  a c o n d it io n  o f  b r i t t l e n e s s  
s u b je c t  to  a g g ra v a tio n  by c o r ro s io n ,  a lth o u g h  m ic ro *e x a m in a tio n  
gave no in fo rm a t io n  to  e x p la in  the  b r i t t l e n e s s i  /There was 
ev id e nce  th a t  co*pres©nee o f  I r o n  and manganese opposed th e  
weakness* 71 ^ 7 7 7  7 7 ,’7 7 \ 7  :'f-7..
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D is s e r ta t io n  f o r  M .3 c .(E n g # ) .S ubm itted  by  A .B *  BAILEY, B .S c .
XHTaOBHCTXOI and O B J E C T S "4;p
f-" 'B in a ry  b e ta  b r a s s ;i s  s c a rc e ly  a h " In d u s t r ia l  m a te r ia l ,  
b u t t h e '  c o s m e rc ia l: h ig h  t e n s i le  b ra s s e s , "a lth o u g h  m a in ly  " 
o f  th e  a lp h a -b e ta  v a r ie t y ,  do in c lu d e  some a l lo y s 1 composed 
o f  th e  b e ta  phase# - The. h ig h , te n s i le  b ra s s e s " '(o r  manganese " 
b ro n ze s ) were deve loped  to  me® t the  "demand f o r  -u n o n - fe r ro u s  
a l lo y  w i t h  th e  s a m e 'd e n s ity  and s t r e n g th  as m i ld  s te e l  y e t  
p o sse ss in g  a  "g re a te r  re s is ta n c e  to  c o r ro s io n .  ' 'They ' c o n ta in ,  
.in- a d d it io n  t o  copper'"and ■ s in e ,'"  u s u a l ly  two' o r  more o f  " th e  - 
fo l lo w in g s  a lu m in iu m ,: I r o n , manganese, t i n ,  le a d  and ’ some* 
tim es n ic k e l  and s i l i c o n .  These e lem ents  im prove  'th e ' "
s t re n g th  o f  the  a l lo y s ,  o r  i n  the  case o f  le a d  th e  m a ch in - 
a b i l l t y .
ji- '"7 These s p e c ia l b ra sse s ' w e re '"the  S u b je c t  o f 'a '  B r i t is h " ; " '  
P a te n t as e a r ly  as 1876 and' numerous c o m p o s it io n s  have been 
d e v e lo p e d , such th a t,  th e re  i s  a need f o r  some s ta n d a rd is a t io n  
A  number "o f" w r i t e r s  'have d e s c r ib e d  th e  e f f e c t s  o f  "the "e x tra  '
e lem en ts* g iv e s  a g e n e ra l a cco u n t and a tas©Jlil , ^
b ib lio g ra p h y #  As p o in te d  out  b y  M i l l e r ,  u l t im a te  t e n s i le   ^
s tre s s e s  s l i g h t l y  "exceeding.;- 50 to n s  p e r  sq* i n .  ©an. b©;: J; 
o b ta in e d  I n  the  c a s t e c m d it lo n ,  a lth o u g h  a l lo y s  g iv in g  
f ig u r e s  o f  a b o u t 40 to n s  p e r  sq * i n  * o r  lo w e r  ar© p r e fe r re d  
because- .they--‘are more d u c t i le  • b ra sse s  a re  ..used; in
b o th  c a s t and w ro u g h t c o n d it io n *  a lth o u g h  more o f te n  i n  the  , ? 
fo rm e r j c a s t in g s  range  in  s iz e  up to  50 to n s  o r  more# , :-.-fhe 
a p p l ic a t io n s  a re  v a r ie d !  in  p a r t i c u la r ,  m a rin e  pu rposes , 
such as p r o p e l le r s ,  ru d d e rs ,  gun m oun tin g s  and n o n -m a g n e tie  
- moun t in g s  f o r  compass©s , may.-: b e .men t io n @d#. . v w
^ I t  M s  been known I n  =, the  In d u s  t r y  , f o r  c o n s id e ra b le  , ^
tim e  th a t  c e r ta in  .h igh  te n s i le  b rasse s  a re  p rone  to  f a i l u r e ,  
o f te n  in  t e r  c r y s t a l l i n e ,  u n d e r s t r e s s  when i n  c o n ta c t  w i t h  
m o lten  r a t a ls  o r  in  c o r ro s iv e  o e n v iro n m e n t In s ta n c e s  have 
been re p o r te d  i n  th e  l i t e r a t u r e f * a lth o u g h  a p p a re n t ly  
no s y s te m a tic  w ork  was c a r r ie d  o u t#  A b o u t te n  y e a rs  ago 
the  B r i t i s h  Ifo n -F e rro u s  M e ta ls  R esearch A s s o c ia t io n  s ta r te d  
an In g re s t ig a t io n  o n  th e  I n t e r © r y s t a l l in e  f a i l u r e  o f  b ra s s e s , 
© s p e c ia l ly  those  c o n ta in in g  a lu m in iu m , i n  v a r io u s  media#
The r e s u l t s  o f  t h is  w ork  a re  d e s c r ib e d  in  A s s o c ia t io n  r e p o r ts  
and I n 'a  summarised fo rm  In  the  te c h n ic a l  p ress#***
P re lim in a ry  e xp e rim e n ts  b y  ¥oee on the  e f f e c t  o f  sea w a te r ,  
c a r r ie d  o u t on e x tru d e d  b in a ry  and a lu m in iu m  b e a r in g  a lp h a , , 
a lp h a -b e  ta  and b e ta  a l lo y s  gave I n d ic a t io n  o f  In  t e r  c r y s t a l l in e  
weakness i n  sea w a te r  u n d e r s u s ta in e d  te n s i le  s t re s s  in  b e ta
a l lo y s  c o n ta in in g  a lu m in iu m , b u t  In  none o f  th e  o th e r  a l lo y s #  
D u r in g  th is  w o rk  in fo rm a t io n  fro m  I n d u s t r ia l  sources In d ic a te d , 
th a t  i n t e r c r y s t a l l i n e  ■'■failure i n  sea w a te r  was p a r t i c u la r l y  
prevalent..' i n  the  eorom ercial cas t  b© ta  .b ra s  3©s c o n ta in in g  
a b o u t 6 p e r  c e n t a lu m in iu m  and l - B  p e r  c e n t each  o f  I r o n  and 
manganese and w h ic h  have an u l t im a te  t e n s i le  s t re s s  o f  a b o u t 
50 to n s  p e r  sq# i n • - T e s ts  were made by  Voca on such m a te r ia l
w i th  v a ry in g  e f f e c t iv e  z in c  c o n te n t a and o f  b o th  la b o r a to r y  
and in d u s t r ia l  p r e p a r e t io n ,  s id e  b y  s ide , w i t h  co m pa ra tive  
te s ts  on. b in a ry -b e ta ,. ;braas.#.:*.;^ Voce®* showed t h a t  the  sand 
c a s t  h ig h  te n s i le  a l l o y  was p rone  t o , r a p id  f a i l u r e  o f  I n t e r ­
c r y s ta l l in e  in c e p t io n  a t  s u s ta in e d  te n s i le  s tre s s e s  a p p ro x i­
m a tin g  to  the  Q«1 p e r  c e n t p r o o f  , s t re s s  when I n  c o n ta c t  w i t h  
sea w a te r ,  5  p e r  c e n t sodium c h lo r id e  s o lu t io n  and o th e r  
c h lo r id e  s o lu t io n s ,  a lth o u g h  In  c e r ta in  c o n d it io n s  th e  w ro u gh t 
m a te r ia l was a p p a re n t ly  Immune# On th e  o th e r  hand s t r a ig h t
b e ta  b ra s s e s , w h e th e r c a s t  o r  w ro u g h t and I r r e s p e c t iv e  o f  
z in c  c o n te n t,  showed no r a p id  in t e r c r y s t a l l i n e  f a i l u r e  a t  
com parable s tre s s e s #  The p a r t ic u la r  weakness o f  the  50- to n  
a l lo y  was a ls o  re v e a le d  by s im p le  bend te s ts  and o rd in a ry  
te n s i le  te s ts  w i t h  th e  specim ens i n  c o n ta c t  w i t h  c h lo r id e  
.s o lu t io n #
Th© .p r im a ry ,o b je c t '. .o f ; .-.the;■-.next; stage, o f  the  re s e a rc h  ■
was to  in v e s t ig a te ,  th e  . In f lu e n c e ' o f .  a lu m in iu m  on the  weakness
^  The use o f  t h is  s o lu t io n ,  made fro m  ♦ A n a la rf sodium
c h lo r id e  and d i s t i l l e d  w a te r ,  was a d op ted  f o r  conven ience  
in  subsequent w ork  as e xp e rim e n ts  f lo w e d  th a t  i t s  e f f e c t  
was s im i la r  to  t h a t  o f  sea w a te r*
O f the  h ig h  t e n s i le : a l lo y *  y ,;--P o r,:th is  p u rp o s e , - a:, range  o f  .
. s a n d / c a s t /h ig h ,;  te n s ile ':  b e ta  ;:b ra s s © 3 ,-,'c o n ta in in g 'fro m " n i l '  .//--y.: 
. to -; 4 ,per. - c e n t ■ a lu m in iu m  and .,hav ing1 e s s e n t ia l ly '  s im ila r;/- ,-  
/ te n s ile ^  strength.*'-'w as t tested*.:,::.':, The 50- to n  a l l o y - and: b in a ry  y 
be ta  were >-■ a 1 so / in c lu d e  d, i n  th©y te a  ts  * / ;  ■/ y; y ;;
, c;/ y:;- T h is w o rk y ( a p a r t  f ro m / any/©hemlcaX:. a n a ly s is )  was c a r r ie d  
...on t.::by ;;th# icandIda te 'v :in .-/the ':/A ssbc ia tion t -s. la b o ra to r ie s ; /
^ d u r in g ? th e ?p e r io d - .O c to b e r; 1944 ^toyJ\ily ':1046*;- y y fb o ? re s t i l ts
0 * 5 *have been- published:.- in .; r e p o r t s  • aM /sum m ary  . fo rm * -T h e ....
fo l lo w in g  i s  ■ a,-somewhat expanded/and m o d if ie d  a c c o u n t•
' MATURE OF TSS TESTS#,
I n  th e  m in  te s ts  a s u s ta in e d  t e n s i le  s tre s s  was a p p lie d  
to  the  specim en w h ile  c o m p le te ly  Immersed i n  3 p e r  c e n t 
sodium  c h lo r id e  s o lu t io n ,  and p a r a l l e l  t e s ts  were c a r r ie d  
o u t i n  a i r *  O rd in a ry  te n s i le  te s ts  ( a t  a s low  ra t©  o f  
s t r a in in g )  in  5 p e r c e n t sodium  c h lo r id e  s o lu t io n  and in  a i r  
were p e rfo rm e d  to  d© te rm ln e  who th e r  sho r t -  tim e  te  a t s  w ou ld  
g lv©  any in d ic a t io n  o f  s u s c e p t ib i l i t y  to  f a i l u r e  u n d e r sus­
ta in e d  s tre s s #
E xm nxim m Ah  p ro ce d u re .
P re p a ra tio n  o f  the  A l lo y s  f o r  T e s t* .
A lth o u g h  1& m ost cases s u i ta b le  d a ta  i s  n o t a v a i la b le
on/ the': com plex e q u iI I fo r  1 a - In v o Iv e  d l u  M g h  to n s il©  b ra s s e s , zy/ 
a n d ' i h ; any has©vw o u ld 'b © ;vd l f f i c u l t  vto -r© p r© se n t- and- in t e r p r e t  
a l lo y "  com pos!ticns?can^ be w o rk e d -o u t/ to ?  g iv e  a p a r t ic u la r  ■ 
s t ru c i i j r©  -b y? u s in g -;C M i l le t f s - o r ig in a l  'c o e f f i c ie n t s ,  / ’ p o s s ib ly  
w i t h  th e ; a id  o f  - a:-f©w? t r i a l  - e xp e rim e n ts  The s©: c o e f f ic ie n t s
e xp re ss ' r o u g h ly  -'the -z in c -  re p la c e m e n t ’-c a p a c ity  'o f  /-■ th e  o th e r ' - 
a l lo y in g  e le m e n ts , th u s  e n a b l in g ■ a f ig u r e  f o r  th e  t o t a l  z in c  
e q u iv a le n c e .- to  b© . c a lc u la te d :*  "/? By r e f e r r in g  t h i s  :f ig a r© .- / i  
to  the  b in a ry  c o p p e r-z in c  phase d ia g ra m /th ©  - l i k e l y  -b a s ic  . 
s t ru c tu re  i s  " in d ic a te d *  :/  d u i l l e t *  s  'c o e f f ic ie n t s  f o r /  th e  /  
u s u a l " a d d it io n s ; to  "b rass a re  "g iven  b e lo w ;
: ; ■ / '  F lem en t / /  -■/'/y/y E q u iv a le n t ' Value' - ”/ / -  y.;
’'-S ilico n :■■'■/■■■y / y y y - i .  1 0 : /-//-.■  / / - /  /-.»
: ; A lum in ium  © :
■ / /  T in  ' /  . / / /  / / / / - - / ;  2 / - ,  -
/ '  ""/ :y ' ■ h e a d . / / " / / I  / / / /  ;/--//;: /-■,
. " I r o n  ;%y -€U9"'-/ ■///■
y '" Manganese ;  ^ ?/-/■ 0* 5 . -  '^/y.
Fh  J T i V M y - 1. 2 / / - z /
Thus 1 p e r  c a n t o f  s i l i c o n  has s im i la r  e f f e c t  to  10 p e r c e n t 
o f  z in c ,  and 1 p a r ce n t o f  a lu m in iu m  i s  e q u iv a le n t  to  6 p e r 
c e n t z in c ,  whereas 1 p e r c e n t o f  n ic k e l  a p p ro x im a te s  to  1*2  
p e r  c e n t copper* I t  w i l l  bo a p p re c ia te d  th a t  i n  o rd e r  to
6 *
f i n d  the  s in e  'e q u iv a le n c e  in  a ; complex- a l lo y ,-  the  e q u iv a le n c e
o f  ,-1h©-'extra,-elem ents i s  'added::to --ibe^pe reen tag©  o f  a c tu a l 
z ln c |  i f : - t M s ; to ta l : : f ig u n e  i s  x  ■ th e n ^ t iie -e q ii iv a le n t  -s in e -^  
percentage,,of,:-the.- a l lo y  is '.-eq u a l to  X O O x-d iv ided  by  .th e s u m  ; 
of'f;x1.»nd- th e  ^  p e rcen tag e  o f  coppen*;:J; ' : A l^ io u ^ i " i t  i s  ©greed 
. th a t  equ iva len ts ;-: o f f e r  o n ly  a^noughnguid©; ' t o ;:b©.:tis© d :w i t h ’ ’ • • 
care  ,  w i t h in : th e / usual:- range v o f,-© dd i t io n s  s u rp r Is  in g ly  
a ccu ra te  fo re c a s ts ,  can o f  te n  be made • I n  a d d ! t io n  to  ''" th e ir  
e f f e c t  on;> th e : b a s ic  ;,s tru e ttir©  isomer o f  the.: e x t ra s -a l lo y in g  ; 
a d d i t io n s ! in  tro.duee : a -new -pha se ■ in - th e  > b ra ss  * ' f bua - le a d  * ?. 
i s .  in s o lu b le , ;  a n d r th e ^ m a jo r ity  ;o f  : i r o n :  appears'-in--com pound w 
f o r m * f u r t h e r t h e ;  p resence: o f  r t in m a y c a u s e -  the  - o ccu rre n ce  
o f  -©"-phase s im i l a r . i n  appearance : to  th© d e lta  ’ phase :o f  " th e  
c o p p e r - t in  system *
w , p o r  the  "p re s e n t w o rk ,"-f^om  i n f o r m t i o n /;c o n ta in e d ;; i n  ’ th e  
lite ra tu re - -s e v e n :c o m p o s it io n s  were- s e le c te d ,  ' ' a l l  "h a v in g  :©n 
e q u iv a le n t -2In e  c o n te n t , ;based on G u i l le t * g  c o e f f i c ie n t s , . 
o f  a p p ro x im a te ly  • 48 p e r c e n t ,  and a lu m in iu m  v a ry in g  fro m  n i l  
to  : 4 p e r  - ce n t  ♦ A & d lt i  on s o f  .-manga n© say - i r o n , ' n i  c k e l -a n d 1 . 
t i n  were a d ju s te d  to  g iv e  an e s t im a te d  t e n s i le  s t re n g th  o f  
40 tons  p e r  sq* i n *  in  each case , b u t  th e se  a d d it io n s  were 
v a r ie d  as l i t t l ©  a s -p o s s ib le ,  fro m ' a l lo y s  to  a l lo y *  -■ ; f h®:1 > F V 
. c o m p o s it io n s -o b ta in e d  ©r© g iv e n  in :- ’!fe b le ';I |  th e y  ©re
■ s l i g h t l y  d i f f e r e n t ; f r o m -t h e ;n o m in a ls e le c te d  f i g u r e 3* / :,y
I t  w ould  have been p re fe ra b le  to  us© a ra n g ©  .o f  ■.-brasses
h a v in g  te n s ile i.s tre n g th s - :  o f  £ 0 - tons, p e r , sq*-..in*-,::;b u b , i t  was
'c o n s id e re d :- th a t; such, © .h ig h .a tre n g th :w & s ,r. n o t / l i k e l y ,t o , b e : -
o b ta in e d , in :, b e ta  .b rasses w ith -  low  a lu m in iu m  con te n  t  • , -; > ,,r'
R e fe rence  - to  .the  a p p ro p r ia te , p o r t io n  o f  th e , , te rn a ry  ■ ;,*
e o p p e r-x ln c -a ln ia in iu m  phase.,, d ia g ra m . ©s t a b l i  shed .by ,Bauer and
Hansen*** w i l l  show th a t  ..the. :1 t e r  n a ry ,. a l lo y s  o f -^the ra n g e  , J u s t
- l i e  in  th e ,. n a rro w in g  ., fee ta. f i e l d  . { F ig *  ,,1). * A c tu a l ly ,  , as '
. w ou ld  ..be; e x p e c te d /, t h i s ..f i e l d  ..has a , g re a te r , .e x te n t ;f o r  .- a l lo y s  1
in  the  - o r d in a r y , cas t .:. cond i t io n ,  ..,,:. a l  though ,1 t  i s  c le a r . t h a t  t I -
...com positions n o t  t h e o r e t ic a l ly  in-;, th e  bet© f i e l d  shou ld -b©  \
.avo ided in ',  w o rk  . .o f- . th is ,  k i n d * A ,  te rn a ry ,  b ra s s  w i th  -a round ^
5 p e r  c e n t © lum in lum  does n o t  l i e  w i t h in  th e  b e ta  range  a t
room te m p e ra tu re ; how ever,.;. the  5. p e r . c e n t a lu m in iu m  a l lo y  ,,.,. .
in v o lv e d  in  th e  in v e s t ig a t io n ,  c o n ta in e d  s u b s ta n t ia l  amounts -
. 10■of iron '-and-m anganese, ...and a c c o rd in g  to  Corson,' * \  th e s o  - 
e lem en ts  ..increase  ,the .s t a b i l i t y  and -extend .the;- range  of-.-:the „ 
b e ta  ,phases,.- a n d , ...© part-from  th e , iro n * ”rieh-,p33as© d is p e rs e d  
in  th e ’ be ta ,., no other-, p h a se w a s  .d e te c te d  u n d e r the  m ic ro scop e  
in  a n y . o f  -.the ...samples .examined.*
S he '..a lloys  .were" p re p a re d  ...from ca thode .-copper, e l e c t r o l y t i c  
{.99*99 per- -cent), . s in e ,  ..and o th e r  h i g h p u r i t y  com m erc ia l "
m a te r ia l * In -g e n e ra l, ' the  - p ro ce d u re  was ; to  -melt, ’the  -.copper 
under ch arcoa l, to g e th e r  w i th  any ir o n  or n ic k e l i  the  z in c ,  
aluminium- and - t i n  were then; added ju s t  b e fo re  'e a s t i n g . , ; I n  
some cases I r o n  was added to  the  m o lte n  copper I n  th e  fo rm  o f  
an ir o n -z ln c  m aster a l l o y ,  t h is  b e in g  a more c o n v e n ie n t;.and. ■ 
e f f i c i e n t  w ay.
The t e s t  specim ens were m achined fro m  k e e l-b & r  c a s t in g s ,  
as shown I n  F ig .  2 ,  w h ic h  were - c a s t I n  -green sand m ou lds /- 
fro m  each m a te r ia l o f  the  ra n g e , to g e th e r  w i t h  s t r a ig h t  b e ta  
a n d ' 50^.to n ;;m a te r ia ls . of/^nom inal-" coiopo s i  t lo n s ,  copper 5 2 /z in e  48 
a n d e b p p e r-:;"64/s Inc 28 /a lum in i.um  5 / l r c n  "1 * 5/manganese 1 *5 ,  
r e s p e c t iv e ly *  - . "-/■; /
^ / 'O rd in a ry / te n s ile  te s ts  w e r e /c a r r ie d . 'o u t / i n  /d u p lic a te . ■
©n ;0 *564 in  • diam. specim ens m ach ined  ' f r o m ' the  'b a r  • p o r t io n  
o f  the  c a s t in g :-to c o n f irm v th a t  th e ; m a te r ia ls .'had the  - re q u ire d  
p ro p e r t ie s * " -  „■ M ic ro s c o p ic /e x a m in a t io n ;was made.-’to /e n s u re  the  
absence -o f  - e a s t in g  d e fe c ts , and in  e lu s io n s /  and / to  c o n f irm  ' 
t h a t ,  e x c e p t - fo r  an i r o n - r i c h  /phase o c c u r r in g  i n  the  b ra sse s  
c o n ta in in g  I r o n ,  o n ly  th e  b e ta  phase was p re s e n t .
A t  a la  t e r  a ta  ge, f u r  th e r  ©mounts o f  some m a te r ia ls  war© 
mad© as ■■required."- /  I n  th e s e -c a s e s , o rd in a ry  t e n s i le ;  tests.--.-/ 
were - c a r r ie d  ./out on/ 0 *17; i n • / d iam *■ sp®elm ens' o n ly / /  to  c o n f irm  /" ■ 
th a t ' e s s e n t ia l ly ^  s im i la r  p ro p e r t ie s /h a d  -been 'o b ta in e d * //
B o th  f o r  s h o r t - t im e  te s ts  and f o r  those  u n d e r s u s ta in e d  
s t r e s s ,  ' In  ’ a i r v'and' s o d itir i ''-ch lo rid e  s o lu t io n ,  th© specimens 
were deg reased ’ by a s h o r t  p ic k le  In  c o n c e n tra te d  rS :r Ic ' a c id ,   ^
fo l lo w e d  b y  w ash ing  and d r y in g  thoroughly. I n i t i a l  te s ts  
w i th  specimens o f  v a r io u s  m a te r ia ls  in  th e  a s -m a ch in ed ';;V 
c o n d it io n  and a f t e r  p ic k l in g  showed th a t  th e  r e s u l t s  were 
n o t a f fe c te d  b y  the  d i f f e r e n t  p re p a ra t io n s ,  b u t  the p ic k l in g  
.treatment-.w as 'used , u n le s s  o th e rw is e  "s ta te d ," / to "e n s u re  t h a t  
the  specimens were degreased* -
f e n s i le  fe a ts  i n  A i r  and 5 p e r  c e n t Bodluia C h lo r id e  S o lu t io n * 
B I t im a te / 't e n s i le . ' s tre s s  .and e lo n g a t io n  ( on 4 /A r e a ) ,  
va lu e s ' o n ly  were, o b ta in e d  i n : th e s e / te s ts *  0 * 1 7 in *  d iam * _ 
specimens o f  0*75 In *  p a r a l l e l  le n g th  wer© u s e d , fo u r  o t'r / 
which .were ; c u t  ..from /, the  bottom , o f  ;v th e .,fe e d in g  head p o r t io n  
o f  ■: th e /k e e l-b a r *
‘ - . - For" t h e ' te s ts  w h l l s t  eomple t e ly  Immersed i n ; b / p e r . c e n t
sodium  c h lo r id ® , s o lu t io n , . /the, gauge le n g th  o f  th e  specim an 
was enc losed ; in / a 'g la s s  / tub© secured, a t ;  th e  /bottom ; w i t h  a 
' rubber.; s topper*/,,. Th®//so lu tion /., was: poured, in .  the, /tu b e . a t  
th © /.b e g in n in g /o f th e  t e s t s • / /_ / ’ -,,,
/,:/ O r ig in a l ly  a ve ry , s low  ra t©  ..-of, s t r a in in g / o f / th e  . o rd e r  
-of .0*08., in * ,  p e r. h o u r/w a s  co n te m p la te d ,' b u t  a ’ number o f  I n i t i a l  
: te s ts  'a t  r a te s  / o f  .0 *08 , 0 .4 ,  0*6. and 2 I n .  p e r h o u r,, on a 
rang© o f  m a te r ia ls  w h ic h  were / la t e r  fo u n d  to  in c lu d e  b o th '
su scep tib le  and n o n -s u s c e p t ib le  a l lo y s ,  showed no s ig n i f i c a n t  
d ifferen ce' i n  r e s u l t s ,  so an a p p f © xim ata r a te  o f  0 «6 in *  p e r
hour/w as- adop ted  f o r a i l  -subsequent v t e s t s •
The n a tu re " of- a f r a c t u r e  was1' judged  b y  e x te rn a l appear-^ 
snee ,  though s e e tio n s  th o u g h  'f r a c tu r e s  war-© 'a ls o  exam ined .1 ^  
m ic ro s c o p ic a l ly  in - m o s t ; c a s e r - '( ? lg * “3 }  - - ru le ,,-  th©- .
na tu re - o f  ;- th©^ fra c tu re - ;w a s r o b v io u s  on e x te r n a l e xa m in a tio n #  y
Tests tin d e r S u s ta in e d  T e n s ile  S tre s s  i n  A i r  and 5 p e r c e n t
Sodium "Gih l 6 r i d ue » ■-' y , ^ - y „
f  i f  the  :a p p a ra tu s  used  f o r  th o s e ' te s ts  #-w h ic h  .w a s th & :
'■ sa m e a s ’; i n :'-p re v io us  w o rkp - lo a d s  -were a p p l ie d :- to y th © s p e c im e n l; 
by- means o f  w e ig h ts  hung on - th e  end-.o f a le fe ?  o f  r a t i o  10 f l *  . 
{F Ig * # * 5 * f  ; The: w h o le -a p p a ra tu s  c o n s is te d  o f  a b a t te r y  o f  
such s m a ll - s in g le  ■ le-Tor t e s t i n g  m ach ines ,-'and  was- u se d -in - a *
' con s ta n t 'te m p e ra  tu re  - ■ room ' - a t . 2O ° f l ° 0  •
: - |'*or th e  te s ts  l a  sodium  "c h lo r id e  th e  gauge ' le n g t h o f .  * 
the  specim en'w as -su rrounded  w ith ' a-'glass-^hub©.-open a tv th e - y  
to p  and c lo  s ed a b the  bo tto m  by  a ru b b e r  a to p p e r th ro u g h  
w h ich- the-; specimen-- p a s s e d * ■ fa  v t i ie ' s id e : o f  : th© / tube-' a  * -: 
co n n e c tio n  was- mad©-;- to:-'a r e s e r i r o i r  c o n ta in in g  the  s o lu t io n *  : 
In  so t t in g -  up'- the  - t e s t s ,  th e  specim en was f i r  s t  a t re s s e d  and 
th e n  th e  - s a l t  - a o lu  t i  on added th o u g h --th ©  ' r e s e r r o i r  y y ;
' s o lu t io n  was" renewed a f t e r  th e  " f i r s t  tw en ty-fou r--: h o u rs , and '
y th e r e a f te r  t  v e ry  t o  th re e  days*
r,;,The -.specimens;used-were. ,0 .1 ?  in *  d ia m .,  o f  l*? l>  I n .  # ' 
p a r a l le l ; ,  le n g th ,  and-.were m ach ined  f ro m  the  b a r p o r t io n  -o f  
th e  ,e a 8 tim g ‘ {a S ;;In d i;o a t© d ^ ln ,:F ig l- -2 }  f t -  ;Tha:.-d is ta n ce , betw een, 
th e  s h o u ld e rs  was: measured b e fo re  and . . a f t e r . t e s t  to  d e te rm in e  
th e .  ;ex teas io n  *yy A ls o , '  e x te n s io n s \w e r© i:re a d  p e r io d ic a l l y  
f r o m , theydrop , o f  - the  le v e r  ■ arms -d u r in g  - tea  t ,  t h e  le v e r s  b e in g  
b ro u g h t ha ck to  th e  h o r iz o n  t a l  p o s i t io n  b y  ta k in g  up the  
e x te n s io n s  w i t h  a m ic ro m e te r screw head# When t e s t in g  unde r 
r e la t i v e l y  h ig h  s t re s s e s ,  such as 30 to n s  p e r  sq* in *  f o r  
40- to n  m a te r ia l ,  t h i s  a d ju s tm e n t was p e rfo rm e d  as in f r e q u e n t ly  
as p o s s ib le ,  as I t  was fe a re d  t h a t  abnorm al s tre s s e s  m ig h t . 
be a p p lie d  to - th e  specim en* y
Those specim ens, w h ic h  d id  n o t  f a i l  In  f o r t y  days I n  
s a l t  s o lu t io n ,  were u n lo a d e d , washed and d r ie d .  They w ere 
m easured f o r  e x te n s io n  d u r in g  t e s t ,  examined e x t e r n a l ly  f o r  
s ig n s  o f  c o r ro s io n  and c ra c k in g , and th e n  g iv e n  an o r d in a r y  
s h o r t- t im e  te n s i le  t e s t  a t  a r a te  o f  s t r a in in g ,  a p p ro x im a te ly  
s im i la r  to. t h a t  used in  the  d i r e c t  te n s i le  te s ts *  y .The 
f r a  e tu re  s due -. toy fa i lu r e  unde r sus ta ln e d ' m fere a s , o r , I n t h e . ■.._.,,
■ subsequent t e n s i l e  t e s t , ' :  were assessed; as d e s c r ib e d : e a r l i e r *  ' 
I n i t i a l l y ,  .all...tLae ■ m a te ria ls  were te s te d  i n  3 per- c e n t ■ 
sodium c h lo r id e  s o lu t io n  a t  s tre s s e s  a p p ro x im a tin g  t o  t h e i r
1 2 *
0,1 p e r  c e n t p r o o f  s t r e s s ,  them those  w h ic h  f a i l e d  -under
#these '-‘ c o n d it io n s  were te s te d  in  a i r  a t  the  same s tre s s e s , 
and in  s a l t  s o lu t io n  and i n  a i r  a t  lo w e r  s t re s s e s ,  whereas 
those w h ich  d id  m ot f a i l  were tea  te d  a t  h ig h e r  s tre s s e s  in  ; 
a i r  and im  s a l t  s o lu t io n *  I n  one case two specim ens,
0*424 in #  d ia m *, were te s te d  In  a i r }  these  te s ts  were 
c a r r ie d  o u t  on an o r d in a r y  s in g le  le v e r  t e n s i le  t e s t in g  
m achine* * - .
.;■■■■■■ . . . V
T ests  und e r S u s ta in e d  S tre s s  In  R e la t iv e ly  i n e r t  E n v iro n m e n t* 
Where f a i lu r e s  o c c u rre d  u n d e r s u s ta in e d  s t re s s  i n  a i r ,  
a tte m p ts  were made to  e xc lu d e  a i r  by  c o a tin g  specim ens w i t h  
v a r io u s  i n e r t  m a te r ia ls #  F o r t h is  p u rp o se , specim ens were 
te s te d  t o t a l l y  immersed in  l i q u i d  p a r a f f in  and i n  a good 
grade machine o i l ,  a ls o  w i t h  a d u c t i le  c o a t in g  o f  p o ly th e n e  
p la s t i c  p a in te d  on in  a x y lo l  base ( u n fo r tu n a te ly  i t  was 
l a t e r  fo u n d  th a t  th e  p o ly th e n e  used was c h lo r in a te d ,  as the  
u n c h lo r in a te d  v a r ie t y  w i l l  n o t d is s o lv e  e a s i ly ,  and th u s  
th e re  was a p o s s ib i l i t y  o f  some f r e e  c h lo r in e ) *
'■'Specimens w h ic h  s u r v iv e d - in : 'a ir .w e r e  exam ined and then 
te s te d  i n  the  same way as those  w h ich  s u rv iv e d  i n  s a l t  
s o lu t io n *
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s , © re s tru c tu re s  and te n s i le  d a ta  o f  the
a l lo y s ' a r e ;; s ta te d ': i n  . T a b le I # c .:;" In  .some ■ eases; ■ the  a equivalent..
s in e  ■’ f ig u r e  was" n e a re r 4 9 : than  48 ’p e r  -c e n t, h u t  I n  ‘ a l l
th e  a l lo y s  the  ha s ic  id . ero s t r u c tu r e  c o n s is te d  e n t i r e l y  o f  
the.-beta:: phase j :- in . a d d i t io n ,  i n  th e a l lo y s ,u o n ta ln im g  I ro n
s m a ll and w e l l  d is t r ib u t e d  p a r t ic le s  o f  an i r o n  h e a r in g
a lu m in iu m  c o n te n t* ,  The c a s t in g s  appeared to  he re a s o n a b ly  
f r e e  fro m  p o r o s i t y  as seen in  m ic ro  s e c t io n s ,  in  k e e p in g  w i t h  
t h e i r  c o n s is te n t  t e n s i le  p ro p e r t ie s #
s u b s ta n t ia l ly  w i t h  those o f  the o r ig in a ls  and s im i la r  t e n s i le
th© r e s u l t s  on the  t h i r d  m e lt o f  4 p e r c e n t a lu m in iu m  a l lo y
W ith  re g a rd  to  the  te rn a ry  h ig h  a lu m in iu m  a l lo y ,  in  
each o f  the  th re e  h a tch e s  4 p e r  c e n t a lu m in iu m  was 
s l i g h t l y  exceeded* However, f o r  co n ve n ie n ce , a l l  
t i l l s  m a te r ia l  i s  r e fe r r e d  to  as 4 p e r c e n t a lu m in iu m
compound were' p re s e n t*  ?"Xtvw i l l  he seen t h a t  th© g r a in  s iz e  f 
o f  the b ra ss  w h ic h  c o n ta in e d  i r o n  was m a rke d ly  s m a lle r  th a n  I 
th a t  :o f  ' t h e 'o th e r  The ■ u lt im a te ." te a s ile ^  s t re s s  f ig u r e s  f o r  ) 
the  seven s e le c te d  a l lo y s  were in  v e ry  good agreem ent, tout
th e re  was c o n s id e ra b le  d i f fe r e n c e  i n  p ro o f  s t re s s  and 
 e lo n g a t io n  v a lu e s  between th e  a l lo y s  o f  h ig h  and low
The a n a lyse s  o f  th© e x t ra  ba tches o f  m a te r ia l  agreed
d a ta  were o b ta in e d  on 0 *1 7  in *  d iam * specim ens, a lth o u g h
b rass#
were on the  low  s id e *  Th© two e x t ra  m e lts  o f  t h is  m a te r ia l  
- were c o a rs e r .> In /g ra in  s iz e  than the  f i r s t *
• S p e c tro g ra p h ic  a n a ly s is  showed th a t  a l l  the b rasses  
were o f  h ig h  p u r i t y .  A rs e n ic  and b ism u th  v#ere n o t  d e te c te d , 
w h ile  s i l i c o n  was n o t  d e te c te d  o r was p re s e n t i n  tra c e s  o n ly#  
-"Lead c o n te n t - v a r ie d , 'f ro m  0*005  to  0*01 p e r  c e n t ,  w i t h  th e  
-e x c e p tio n  o f.o n e  h a tc h  o f  ■ th e  50***to n  b ra s s  (M .M .P .) w h ic h  
co n ta in e d  0*02 p e r c e n t le a d * .  T in  v a r ie d  fro m  tra c e  to  
0*005 p e r c e n t ,  e xce p t where i t  was i n t e n t io n a l l y  added#
-■.The'. im p o r ta n t p o in t  /her© ,  I  s th a t  th e  brass© s o f . h ig h /; ; 
a lum in ium  con te n  t  .'were com parab le  w i t h  the  o th e rs  i n  re s p e c t  
o f  Im p u r ity  c o n te n ts * : ./
T e n s ile  T e s ts  i n  A ir ,  and 5 'p e r  c e n t Sodium C h lo r id e  S o lti t i  o n *
The. re  s u l t s  o f  . th©se t© s ts  : a re  g iv e n ' i n ■ ■'de ta  i i  in  
Tab le  .I I « , The u l t im a te ,  t e n s i le ' .s t re s s  v a lu e s ' In   ^a i r  f o r  
0 *17  in *  d iam *, specimen w e r e / in  .g e n e ra l ;somewhat Icrwer th a n  
. th© co rre sp o n d in g ' f ig u r e s  on 0 * 5 6 4 - in *  d iam . s specim ens ( Table  I ) ,  
p a r t i c u la r l y  i n  the case o f the  s t r a ig h t  b e ta  b ra s s *
The r e s u l t s  o f  the te n s i le  ,t e s t s - i n : 3 p e r .ce n t sodium  
c h lo r id e  s o lu t io n  were, s im i la r  to, t h o s e - I n 'a i r ,  e x c e p t in  ' ^
th e  case o f  the  5 0 - to n  a l lo y  f o r  w h ic h  th e y  w ere  d e f i n i t e l y  
lo w e r ,  and ; the  3 *4  a n d . 4 p e r . cen t  a lu m in iu m  brass© a I n  w h i ch
th e y  were s l i g h t l y  lo w e r*  I n  these th re e  cases th© f r a c tu r e  
In  s a l t  s o lu t io n  was p a r t l y  I n t e r c r y s t a l l i n e ,  whereas I n  a l l  
o th e rs  i t  was tra n s  c r y s ta l  l i n e  0=(<3 -^ ) ’ ........
I t  s h o u ld  be n o te d  th a t  where the f r a c tu r e  is  d e s c r ib e d  
in  th© ta b le s  as * I n t e r c r y s t a l l i n e t  t h is  in d ic a te s  th a t  the 
f r a c tu r e  was o f  i n t e r c r y s t a l l i n e  In c e p t io n ,  though  on ly  a 
s m a ll p o r t io n  o f  the f i n a l  f r a c tu r e  may have been I n t e r -  
c r y s ta l l in e *  Where the f r a c tu r e  i s  n o t  s p e c ia l ly  d e s c r ib e d  
In  the ta b le s ,  i t  was tra n s  c r y s ta l l in e  I n  in c e p t io n  and 
g e n e ra l c h a r a c te r is t ic s *
.Testa u n d e r-Sustained fe n s l l®  ; S t r e s s - in - M r ; and 5 p e r  c a n t - '
Sodium 'C li lo r f ie ' "'-SofuiTon »
A bou t 90 te s ts  were c a r r ie d  o u t |  th© r e s u l t s  a re  g ive n  
in  d e t a i l  i n  Tab le  IV *  Th© d e s c r ip t io n s  o f  f r a c tu r e s  in  
th is  Table r e f e r  to  f r a c tu r e s  fro m  f a i l u r e  u n d e r s u s ta in e d  
s t re s s ,  o r  I f  the specim en s u rv iv e d  f o r  f o r t y  d a ys , to  
f r a c tu r e s  I n  the  subsequent s h o r t  tim e  te n s i le  te s t *  Times 
o f  f a i l u r e  a re  g iv e n  to  the  n e a re s t da y , e x c e p t In  a few  
cases where the  tim e was v e ry  s h o r t ,  and then  i t  has been 
g ive n  i n  hou rs*, /  S tre sse s  a re  to  t h e 'n ea rest to n ,  and th© /' | |
f ig u r e s  f o r  0 *1  p e r ce n t p ro o f  s t r e s s ,  u l t im a te  te n s i le  s t re s s ,  
and e lo n g a t io n  a re  th e  average o f  a t  le a s t  two r e s u l t s *  I t  
w i l l  be n o t ic e d  th a t  a few te s ta  w©r© pe rfo rm e d  in  0 *3  p e r  ce n t
sodium c h io r i t®  s o lu t io n ;  t h is  was due to  a m is ta ke  i n  " T 
; making up  "th e  " '-s o lu tio n *  '■
/ /Du© - to ' i th o  f a c t t h a t  I n  ' a p e c i f i c ; eases t h e r e s u l t s  ; v 
were in c o n s is te n t ,  i t  has been d i f f i c u l t  to  produce a 
/s u m m a ry # M o w e v e r, the  method "u s e i i n  - Tab le  l iX I " ;lgIv©s a • 
re a so n a b ly  comprehensiv® p ic tu r©  ,  b u t  11 m ust be emphasix® d 
th a t  the n a tu re  o f  th e  f r a c tu r e  sh o u ld  be c o n s id e re d  whem 
S tu d y in g  b e h a v io u r a t  any s t r ©sa • The r e s u l t s  o f  t@ sts in
0*3  p e r c e n t sodium c h lo r id ©  s o lu t io n  have been In c lu d e d  In  
M s  T a b le , s in c e  th e re  I s  no in d ic a t io n  t h a t  the  weaker 
s o lu t io n  gave m a te r ia l ly  d i f f e r e n t  r e s u l t s .
O f a l l  th© m a te r ia ls  te s te d ,  o n ly  those  c o n ta in in g  3 *4  
p e r ce n t o r  more o f  a lu m in iu m  showed in  t e r  c r y s t a l l i n e  f a i l u r e *
Th© f a i l u r e  a were mo s t  pronoun cod in  th© 4 p e r c e n t a lu m in iu m  
b rass  w h ich  f a i l e d  c o n s is te n t ly  I n  a few days i n  an i n t e r -  1 
c r y s ta l l in e  m anner, b o th  i n  a i r  and I n  3 p e r c e n t sodium  
c h lo r id ©  s o lu t io n  a t  s u s ta in e d  s tre s s e s  o f  25 tons  pe r s q . In #  
( th e  0 *1  p e r c©mt p ro o f  s t r e s s ) • Below t h is  s t r e s s ,  some 
f a i lu r e s  were e xp e rie n c e d  b o th  i n  a i r  and s a l t  s o lu t io n ,  
b u t th© r e s u l t s  were le s s  c o n s is te n t*  Specimens 0*424 in *  d iam * 
f a i le d  in  a i r  a t  25 to n s  p e r sq* I n • ,  t h e i r  b e h a v io u r b e in g  
s im i la r  to  th a t  o f  th e  0*17  in *  d iam . specim ens (see Tab le  V ) *
I n  th e  3 *4  p e r c e n t a lu m in iu m  b ra s s , o n ly  on© i n t e r -
c r y s ta l l in e  f a i l u r e  o c c u rre d  I n  a i r ,  and t h a t  a t  32 to n s  p e r 
sq . i n . ;  whereas two o c c u rre d  in  sodium  c h lo r id e  a t  20 to n s  
pe r sq . i n  * ( the  0 .1  p e r  ce n t p ro o f  s t re s s  ) and 25 to n s  p e r 
sq . I n * ;  r e s p e c t iv e ly *  n e i th e r  o f  th e  r e s u l t s  i n  s a l t :  . 4 
s o lu t io n  was rep ro du ced  in  check t e s t s ;  s u f f ic ie n t / /m a te r ia l  
was n o t a v a i la b le  to  d u p l ic a te  th e  t e s t  i n  a i r  a t  52 to n s  p e r 
sq . I n * , h u t  one specim en s u rv iv e d  30 to n s  p e r sq* i n • and 
a n o th e r 25 to n s  p e r sq* i n .  f o r  f o r t y  d a y s .
O f the 50-tom  b ra s s ;  I n  s a l t  s o lu t io n  two specimens^...: 
f a i le d  a t  42 to n s  p e r  sq* I n . ,  th re e  o u t  o f  f o u r  f a i l e d  a t  
36 tons  p e r sq . i n . ,  and two o u t  o f  s ix  specim ens f a i l e d  a t  
50 tons p e r sq . I n . ;  th e  one specim en te s te d  a t  25 to ns  p e r  
sq# i n .  s u rv iv e d  the  f o r t y  d a ys* The seven f a i l u r e s  were 
o f  I n t e r c r y s t a l l in e  in c e p t io n #  F iv e  specimens were te s te d  
in  a i r  a t  h ig h  s tre s s e s  and I n t e r c r y s t a l l l n e  f a i l u r e  o c c u rre d  
o n ly  in  one , a t  44 to n s  p e r s q . i n .
There were no f a i lu r e s  i n  th e  b in a ry  a l lo y *  I n  the  
o th e r  4 0 -to n  m a te r ia ls  ( c o n ta in in g  2 , 1 ,  0 .5  and n i l  a lu m in iu m ) 
o n ly  f i v e  f a i lu r e s  were e n co u n te re d , and these  were a t  * 
r e la t i v e l y  h ig h  s tre s s e s  i n  a t r a n s c r y s ta l l in e  m anner. These 
f a i lu r e s  a re •'o f  d o u b tfu l,  s ig n i f ic a n c e . . in  v ie w  of;: t h e i r  no n - 
re p ro d u c ib i11t y  i n  c a r t a in  ca ses ,  and s u r v iv a ls  a t  o n ly  
s l i g h t l y  lo w e r s t re s s e s *  I t  I s  p o s s ib le  th a t  th e y  were due
to  s l ig h t  d e fe c ts  I n  th© specim ens, s in c e  th© t e s t  s tre s s e s  
c lo s e ly  approached th e  u l t im a te  s tre n g th s  o f  th e  m a te r ia ls #  
There seems to  he no re aso n  f o r  re g a rd in g  them as abnorm al *
l a  g e n e ra l,  th© u lt im a t©  te n s i le  s t re s s  f ig u r e s  f o r  
specim ens w h ic h  had s u rv iv e d  f o r t y  days u n d e r s u s ta in e d  s tre s s  
I n  a i r  o r  s a l t  s o lu t io n  were n o t s ig n i f i c a n t l y  lo w e r th a n  
those o b ta in e d  In  the i n i t i a l  t e n s i le  te s ts  on s im i la r  
specim ens, and f r a c tu r e s  war© t r a n s c r y s t a l l in e .  T h is  a p p lie d  
even f o r  m a te r ia ls  w h ic h  had shown s u s c e p t ib i l i t y  to  I n t e r -  
c r y s ta l l in e  f a i l u r e ,  e i t h e r  a t  the  s u s ta in e d  s t re s s  conce rned , 
o r  a t  a h ig h e r  one* In  the  few  cases i n  w h ic h  re d u c t io n  i n  
s tre n g th  was n o te d , u s u a l ly  one o f .  two re aso n s  was a p p a re n t, 
nam ely, e i t h e r  a lo c a l  p a tc h  o f  c o r ro s io n ,  o r  s l i g h t  I n t e r -  
c r y s ta l l in e  c ra c k s  ( in  s u s c e p t ib le  a l lo y s ) *
O b se rva tio n s  o f  beam d e f le c t io n  d u r in g  t e s t  showed t h a t ,  
excep t a t  r e l a t i v e l y  h ig h  s tre s s e s , such  as 35 to n s  p e r  sq# in #  
on a 4 0 - to n  b ra s s , th e re  was no g ra d u a l e lo n g a t io n  w i t h  tim e  
a f t e r  I n i t i a l  s t r a in  on  lo a d in g #  T h is  was c o n firm e d  b y  the  
measurements b e fo re  and a f t e r  t e s t  o f  th e  specim ens w h ic h  
s u rv iv e d *  * ■
Some lo c a l  e x te n s io n  o c c u rre d  near f r a c tu r e s  r e s u l t in g  
fro m  su s ta in e d  s t r e s s ,  because a t  le a s t  tw o - th ir d s  o f  th e  
f r a c tu r e  o c c u rre d  b y  no rm a l d e fo rm a tio n  and s h e a r in g  a f t e r
.'tbs I n t e r  c r y s ta l l in e  <■ c ra c k in g  > hal--decreas@ d;v t lie . ,e f f  ©etiv@-::t j  ■ 
c ross  s e c t io n  o f  th e  '■ spec im en,/'and  : th e re b y  r a is e  4 / t h e a c t in g  
s tre a * / to X tfa ® -b re a k in g - f ig u re #  f „
y-V fh®^ in t e r  c r y s ta l  l i n e  p o r t io n  o f  th © / f r a c tu r e  o f  te n  xs 
o c c u rre d  a s /a n le x te rn a ls  a im tlu s -In ^ -th e .-c a s e -o fL tb e ;: 5 0 - to n  ' ■ 
b rass  ’ f a i l i n g  i n : s a l t  s o lu t io n , butvm ore f r e q u e n t ly  in  the  
fo rm  o f  a s e g n ^ n ta l p a tc h  i n  the  o th e r  two m a te r ia ls  w h ic h  
f a i l e d ,  nam ely the  3 *4  and 4 p e r  e © m ta lu m in iu m  b rass© s* /
The-0 *1 7 .in . ^  diam*-. s p e c im e n ® 'o f- th e /4  p e r c e n t a lu iid n lu m  //i/L , 
b ra ss  o f te n  c o n ta in e d  o n ly  a few  c r y s ta ls  I n  th e ic ro s s  s e c t io n ,  
but/, the  segmental':- p a tc h : o f : i n t e r e r y s t a l l l n © :f r a c tu r e  was ■;:: ■ / 
a ls o  w e l l  d e f in e d  i n  la r g e r  sp©cim ens, O #424 i n ♦ d iam * w h ic h  
fa i le d .u n d e r /  s u s ta in e d  s t re s s  i n  a i r *  / : : / - ;
- & P a r t ic u la r ly :  i n  : th e / 5 *4 and 4: p e r c e n t -aluminium.; b ra s s e s , 
th e re  were a ■ number o f. in t e r c r y s  t a l l  in®  c ra cks  bb t h  n e a r . to  '•'■ 
and rem ote fro m  the  i n t e r  c r y s ta l  l i n e  f r a c t u r e ,  and i n  some 
cases, w ho le  c r y s ta ls  tended to  f a l l  o u t  a t  the  f r a c tu r e s  o f  
specimens w h le h f a i le d  in  s a l t  s o lu t io n *  / M ic ro s c o p ic  ; ^
e xa m in a tio n  o f  such  specim ens showed a s m a ll amount o f  i n t e r -  
c r y s ta l l ln ©  d e s in c i f ic a t io n  a t  the  r o o t  o f  the f in ©  I n t e r -  /  
c r y s t a l l in e  c ra c k s *
: / : :  / : JM ay -o f:; th e  specimens o f  o th e r , m a te r ia ls  w h ich  s u rv iv e d : 
th e  s u s ta in e d  s t r e s s  te s ts  e x h ib i te d  v e ry  s l i g h t  e x te rn a l
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'c ra c k in g ,' 'but. m ic i^o sccp lc  exairdiiafelon .showed : t h a t  th© c ra cks  
were q u ite  d i f f e r e n t  fro m  th e  . in t e r  c r y s t a l l in e  on e s , nam e ly ,
Very s h a llo w  and s tu b b y , :and f r e q u e n t ly  ' t r a n s c r y s ta H in e # '
The' specim ens whi ch'' were  ^tea  feed. i n : 3 ’ p © r: c e n t sod ium  - ■
• c h lo r id e  s o lu t io n * s h o w e d  f a i r ly  even and u s u a lly  s l ig h t '  ..; 
su rfa ce  e o r r o s io n i- , -..On . the "w ho le , the  b ra s s e s ' w h ich - c o n ta in e d  
i r o n ,  showed more g e n e ra l c o r ro s io n  than  the  i r o n - f r e e  
m a te r ia ls #  D u r in g  t e s t  u n d e r s u s ta in e d  s t re s s  i n  sodium  §
c h lo r id e  s o lu t io n  o f  th e  h ig h  te n s i le  b rasse s  c o n ta in in g  n i l ,  \
0*2 and 0 *5  p e r  c e n t a lu m in l im ,  a brown g e la t in o u s  p r e c ip i t a te *  I
’’ ’ ’ : ’ ' , r  V - ‘ I
s im i la r  in..appearance to  f e r r i c  h y d ro x id e ,  appeared i n  th e  |
te s t  s o lu t io n #  The th re e  b ra sse s  c o n ta in e d  i r o n ,  b u t  o n ly  I
v e ry  s l i g h t  amounts o f  the  p r e c ip i t a t e  were seen when t e s t in g  I
the o th e r  i r o n -b e a r in g  a l lo y s ,  a lth o u g h  th e re  was a w h ite  f
g e la t in o u s  p r e c ip i t a t e  i n  th© case o f  the 5 0 - to n  b rass#  f
T es ts  u n d e r • Si sta in ed  'Tensile S tre s s  i n  B e ja fe jv e ly  I n e r t  : -
'E n v iro n m e n t# b. : b . , : ; - ' V ^ .
: ;fh® r e s u l t s  re p o r te d  I n '  Tab le  V show th a t  a tte m p ts  to
exc lude  a i r  fro m  specim ens ..of' .4 .pep cen t a lu m in iu m  b ra ss  by 
c o a tin g  them w i t h  p o ly th e n e  o r  by im m ers ion  in  l i q u i d  p a r a f f in  
o r .machine o i l ,  \ had n o '■ s i g n i f i c a n t ;e f f e c t , " th e  "specim ens : 
f a i l i n g  u n d e r s u s ta in e d  s t re s s  i n  t im e s  com parable w i t h  those  
f o r  specimens ■ exposed- to  -a ir*-"'-1'
. T instressed "Specimens -Im m ersed 'in  S a l t  S o lu t io n *  ; ' :- :. . Av-..-;,..^#■1 ■iwiinwnnini-.WMWi'WM"!        v^wmmm wymmtmvtm;* iwirl,mllw«w,M,|,M,iWi,Wini «.n—  > „■, '
:p M c ro g ra p M e ie x a m im a tio n  o f  m s tre s s e d :s p e c im e n s  .
■ "immersed - 'fo r  .; f o r t y  , days ' I n ; 3 ,-per c e n t sodium  '.c h lo r id e  . s o lu t io n  
showed.: random' id e & in c i f i  c a t io n ,  :;but: n o " .p r© fe re n tia l. :a t ta c k - -  i. 
a t  the g ra in  boundaries#
DISCUSSI01 OF RBSPLTS AMD COlGhUSIOlS# ' ;
T h is  In v e s t ig a t io n  was concerned w i t h  v e ry  r a p id  
in  te r  c r y s ta l l in e  f a i lu r e #  I t  thus g iv e s  no In fo rm a t io n  
on the b e h a v io u r o f  the b rasse s  when exposed f o r  p e r io d s  
c o n s id e ra b ly  lo n g e r  tha n  th e  a r b i t r a r y  tim e o f  f o r t y  days# 
F u r th e r ,  the  w ork  h a rd ly  d e a ls  w i t h  b e h a v io u r u n d e r s tre s s e s  
o f  the m agnitude n o rm a lly  e n co u n te re d  I n  s e r v ic e ,  a lth o u g h  
i t  i s  in d is p u ta b le  th a t  a tendency to  abnorm al in t e r c r y s t a l l i n e  
weakness, even i f  o n ly  a t  f a i r l y  h ig h  s tre s s e s ,  i s  m ost 
u n d e s ira b le  in  i n d u s t r ia l  m a te r ia l#
The te s ts  u n d e r su s ta in e d  s t re s s  were c a r r ie d  o u t  w i t h  
specimens o f  s m a ll d ia m e te r f o r  th re e  m ain re a s o n s , nam elys~
(a )  to  f a c i l i t a t e  t e s t in g  by a l lo w in g  the  us© o f  
many s m a ll le v e r - lo a d in g  sys te m s |
{b }  to  p e rm it-  num erous; te s ts  on - m a te r ia l.- , fro m  ..the,.-- 
' ' same c a s t}  ' v r
(c )  to  a c c e le ra te  f a i l u r e  by in t e r c r y s t a l l i n e
--c ra c k in g , under s u s ta in e d  -c o n s ta n t .lo a d #  , s,*-
/22*
I t  I s  a p p re c ia te d  t h a t  these  advantages a c c ru in g  fro m  
the  us© o f  s m a ll specim ens a re  accom panied by  c e r ta in  
■ d isadvan tages,; th e  c h ie f .b e in g  / th a t ,s m a ll. ' specimens- o f  c a s t  
' -m a te r ia l, a n d . : .p a r t ie u la r ly  of:- r e la t iv e ly ; /c o a rs e ,  g r a in e d c a s t  
m a te r ia l ,  . may n o t be re p re s e n ta t iy e .  -samplea and. th u s  ' g iv e  
r is e  - to  I n c o n s is te n t  r e s u l t s , . , :  .However, the  o r d in a r y  te n s i le  
t e s t  r e s u l t s  /fo r- t h e s m a l l  ■ specim ens w ere ..no t s e r io u s ly  a t  ../, 
va ria n ce  w i t h  those  oh ta ln e d  /from . la r g e r  - spa c lm ens*: :;H. ;- In .,:.. 1
a d d it io n ,  ;• I n  the  :- te s ts  .under, s u s ta in e d  - s t re s s , /  o f  - th e  - -m a te r ia ls ; 
pron© to  I n t e r  c r y s ta l  l i n e  f a i l u r e ,  th e  4 p e r c e n t a lu m in iu m  
a l lo y  was -coa rse . g ra in e d  and ■ th e / 5 0 ^ to n : b ra s s  -was / f i n © ,. 
g ra in e d ,, y e t  b o th  - e x h ib i te d  con s id e ra b le  In  cons I  s ten  cy in  
behav iou r*":,: M o re o ve r, ,0  * 4 2 4 In  * :d ia M * ; specimens. I n t h e l  p e r 
ce n t - a lu m in iu m  b ra s s  - showed th e  same b e h a v io u r u n d e r  s u s ta in e d  
s tre s s  In :  a i r  as -.0 *17 In  * • d ia ia * ; specime ns * .  Haase fa c ts  u ^  
in d le a te  t h a t  th e : s m a ll sis©- of-..specim en was n o t a m ajor,,... 
source o f ;  e r r o r •
I t : em erges: quite, clearly .:from  the r e s u lt s  th a t th e , 
In te r o r y s ta llin e  weakness .under..-, t e n s i le  s t r e s s  in.;5 per-, cent 
sodium ch loride so lu t io n  land sea water) o f  cer ta in  c a s t  h ig h  
- t e n s i le  beta b rasses I s  due... t o .. th e ir ,h ig h  aluminium content*  
Thus such weakness, was on ly  .experienced, in  those a l lo y s  
contain ing 5*4./per c e n t or more of:, aluminium ,-whereas a l lo y s
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o f  n i l  and up to  2 p e r c e n t a lu m in iu m  eon te n t  sueees s f u l l y  
w ith s to o d -s im ila r s  i f  n o t  c o n s id e ra b ly  g r  © a t e r  s t r  es bob u n d e r 
the  same cond i t io n  s . As th e  we&lrne s s ; was m an ifes  t e & in  ■ a i r  ' 
as w e l l ' as i n  sodium  c h lo r id e ,  - -and.;moreover^- as,: w i t h  ;iti© '; 4  *■ 
p e r cen t - a lu m in iu m -b ra s s ,- ;w h ic h : p ro v e d - to  he;: therm os t  ^ 'A\ X ^ - \  
s u s c e p tib le  m a te r ia l exam ined, a tte m p ts  to  exc lu d e  a i r  had 
no ® f  fe e t- ; on  - th e  f a i l u r e  y- i t  -seems' re a so n a b le ^  to-'assume th a t  V 
the  e f f e c t  o f ; th e  a lu ia ln iu ia ^ is  to  j  cause i n t r i n s i c  -‘weakness \  
o f  the g ra in  .b o u n d a r ie s , :andi. t h a t !  th e  ^ presence o f - u o r r o s iv e ^  1 
c o n d it io n s  may have an a c c e le ra t in g  e f f e c t  on f a i l u r e y b u t  
i s  n o t  e s s e n t ia l*  O rd in a ry  m ic ro s c o p ic  e x a m in a tio n  gave no 
ev idence  o f  the  fpresene© o f  any f i l m  o r  v'o th © r 'p r e c ip i t a te  - 
a t  the g r a ia  b o u n d a r ie s , as m ig h t be exp© cted  to  cause such  
in t e r c r y s t a l l i n e  ;weaJm©ss, and i t  may be th a t  th e  weakness 
i s  a s s o c ia te d  w i t h  r e l a t i v e l y  h ig h  c o n c e n tra t io n s  o f  a lu m in in m  
in  the g r a in  boundary  i im t e r ia lw i t h o u t  the f o r m a t io n o f  & 
separa te  phase^ o r  to  the  i n c i p i e n t  p r e o ip i t a t io n  o f  a b r i  t t l e  
ph ase ,::such a s t h e  gamma phase in  the  copper s in e  and copper 
a in c  a lu m in iu m  ay s terns. In  v iew  -o f ■ th e  narrow ness a t  room  - 
tem pera tu re  o f  th e  h i a l u m i n i u m  b e ta  f i e l d  c o n s id e ra b le  
w e ig h t  i s  added to  -th e  l a s t  "s u g g e s tio n * 'h ; ;■>*.: ■
Tno r e s u l t s  a ls o  su g ge s t t h a t  i n  some w ay, w h ic h  is  n o t  
c le a r  ,  ■ th e  p re se n ce ' o f ; i r o n  and manganese - tends to  . counter-'
the e f f e c t - o f  a lu m in iu m . _ Thus th © /4  p e r  cen t, aluminium  
b rass  fre e  fro m  i r o n  and manganese.; was-■ in-, general-m ore ■, 
s u s c e p tib le  to  I n t e r c r y s t a l l in e ,  f a i l u r e  b o th  i n  a i r  and • • .
$  p e r c e n t sodium  c h lo r id e  s o lu t io n  than  the  5 p e r  c e n t 
a lu m in ium , 50- to n  b rass  -which c o n ta in e d  between 1 *5  and 2 p e r 
cen t each o f  i r o n  and manganese,
So in d ic a t io n  i s  g iv e n  by the  t e s t  r e s u l t s  o f  the  
e f f e c t ,  I f  a n y , o f  the  o th e r  a l lo y in g  e lem en ts  p re s e n t in , . L. 
c e r t a in : a l lo y s , /  nam ely$ t in '  and . n ic k e l ,  -.as:;,the low- a lu m in iu m  ■ -
brasses, c o n ta in in g  : these . e lem ents; showed; no \ tendency to  . 
in te r  cry s t a l l l n e ; f a i l u r e  u n d e r s u s ta in e d  s t re s s  : i n  ■ s a l t  ; 
s o lu t io n  o r  a i r  j  and no low  a lu m in iu m  b ra sse s  f r e e  fro m  
these '1 a d d it io n s  were te s te d  f o r  com parison ♦
The o rd in a ry  te n s i le  te s ts  in  6 p e r ce n t sodium  c h lo r id e  
s o lu t io n  gave in d ic a t io n s  o f  s u s c e p fc ib il l  t y  to  in  t e r  c r y s ta l l in e  
c ra c k in g  -w h ich  w e re ,< |u i i© c o n s is te n t  w i t h  the  . r e s u l t s  o f  ;. 
s u e ta in e d  s fcress te s  is  * . .. Thus o f . n in e m a t e r ia l  s , bes te d , - s i x / .. 
showed no in t e r  c r y s t a l l in e  c rack ing - e i t h e r ' in ' . s h o r t  t im e .
.t@s ts  o r  i n / p ro lo n g e d  - lo a d in g /  te s ts  ,  whereas the  / o th e r  th re e
S h o w e d - . in te rc ry s ta ll in e  c ra c k in g  in '  b o th  ./types o f  . te s t# ,  ,r -
■ ’ ’■ B■ T h is  - f in d in g  -co n firm s ’ an e a r l i e r  .one :by,1Toc© and -in d lc a te s  
th a t..su ch -:s h o r t - t im e /  te s ts ;m ig h t/b e /, u s e fu l  i n  work.,on ...the
developm ent o f  le s s  s u s c e p t ib le  h ig h  t e n s i le  b ra s s e s *  ■
■ ■ . Thus, ; i n ' ;s h o r t  the  e xp © rX m e n t& lre su X t3  --warrant the  
fo l lo w in g ' eon e lu s io n s ': o f  ■ ip ra Q tio a ilii iip o rta n e e ^  ;■ .
(1 ) Aluminium c o n te n ts  e xce e d ing  a b o u t 2 p e r c e n t 
are u n d e s ira b le  in  c a s t h ig h  t e n s i le  b e ta  b ra s s e s , as th e y  
Induce a fo rm  o f  la t e n t  in  t e r  c r y s ta l  l i n e  b r i t t l e n e s s  w h ich  
Is  s u b je c t to  a g g ra v a tio n  by  c o r ro s iv e  a g e n c ie s , such as 
sodium c h lo r id e  s o lu t io n  o r  sea w a te r..
{2) :ThB c o -p re s e n e e .n f iro n .,a n d  manganese dU i be ta^ . 
brasses -, c o n ta in in g  a lm td n iu m  may r e d u c e th e  ^ -tendency to  
weakness#"" '
(3 )  T e n s ile  te s ts  w i t h  the  specimen immersed i n  3 p e r 
ce n t sodium  c h lo r id e  s o lu t io n  may re v e a l s u s c e p t ib i l i t y  o f  
the b ra ss  to  i n t e r c r y s t a l l i n e  weakness*
. . .. V '-1 - . . . . .  ■: /. ; '■ . .' ^
t  i s  - co n s id e re d  ■, t h a t  - immediate;.: c o n tin u a tio n .;  jp fv th e k*.
re s e a rc h  on th e  b e ta  a l lo y s  e o u ld  p r o f i t a b l y  fo l lo w  . two l in e s #
In ; , th e : f i r s t - p la c © , :2e f f o r t s s h o u ld : b e  mad©,;to' d e te c t  any
fo rm  o f : in te re r y s ta X lln ©  p r e c ip i t a t e  by  methods o th e r  th a n
the .o rd in a ry  V m ic ro s c o p ie s  te c h n iq u e  •  ^ S e con d ly , the b e h a v io u r  ■
© f - th e , a l l o y ; range  In  - th e  I& od  type  o f  te s  t  s h o u ld  -be in v e  s t i -
g a te d : t o ; d is c  o v e r whe th e r  the  b r i t t l e n e s s  I s  m anife.s te d  u n d e r
these  c o n d i t i o n s - l y *  -i-.- *.i i.:. i;-: ■ - * i ' &  i.-;; v; ■ • . v-
The. -question-- does a rise ;--a s -to - w h e th e r:- th e - te rm /s tre s s -*
■• c o rro s io n  i s - a p p lic a b le : ,,to the  f a i lu r e s  - i n '  Q u e s tio n * ' ■■-■■ The
-•'■■■• 11 12; d e f in i t i o n - o f  s t r e s s - c o r r o s io n 'b y  B ix -: *' * i s c o n f in e d  to ' '
: t h e - f ie  I d  "o f  "a g g ra v a t io n  o f  c o r ro s io n  b y  s t re s s *  However, '
•- a d e f in i t i o n ,  r e c e n t ly  p roposed :'by  i S u tto n , ■- i l d d ia r d ,  Chalm ers 
and Champion^5 * co ve rs  a w id e r  " f i e ld , '  n a m e ly * .:v wTh© te rm  i; 
s t re s s -e o r ro s io n  im p lie s  a g re a te r  d e te r io r a t io n  i n  th e  
m e c h a n ic a l  p ro p e r t ie s  o f  th e  mat e r i a l  th ro u g h  the  s im u lta n e o u s  
a c t io n  o f  s t a t i c  s t re s s  and exposure  to  c o r ro s iv e  env iron m e n t 
than would o c c u r b y  the  se p a ra te  b u t  a d d i t iv e  a c t io n  o f  th o se  
a ic ie  s • w I n  who p re s e n t w o r k ,  a l  though. a  c o rro s  iv e  
env ironm en t a p p a re n t ly  had l i t t l e  e f f e c t  on th e  b e h a v io u r 
under s u s ta in e d  s t re s s  "of th e  4 p e r c e n t a lu m in iu m  a l lo y ,  
c o r ro s io n  was v e ry  im p o r ta n t  i n  th e  f a i l u r e  o f  the 5 0 - to n  
a l lo y ,  and seemed to  a g g ra va te  f a i l u r e ' i n ;  the  '3 *4  p e r  ce n t- ' 
a lu m in ium  b ra s s *  I n  th e  o r d in a r y  t e n s i le  t e s t  th e  in te r - * '  
. c r y s ta l l in e  weakness o f  - a l l ' th re e  s u s c e p t ib le  a l lo y s  was-' f 
o n ly  a p p a re n t i n  s a l t  s o lu t io n #  The b e h a v io u r o f  the  4 p e r  
ce n t a lu m in iu m -a llo y  appear s.. to  re p re s e n t  the  extrem e  case 
o f  m echan ica l b r it t le n e s s , '-w h e re a s > - th a t o f  the.. 5 0 - to n  b ra ss  ;- 
e e r t a ln ly ,  a t  le a s t ,  approaches th e  k in d  o f  d e te r io r a t io n  
s p e c if ie d  i n  th e  second d e f i n i t i o n *  However, a t  th e  p re s e n t 
stage o f  the  w o rk , and in  p a r t ic u la r  u n t i l  I t  I s  w id e ly
accepted t h a t ;a i r e  *8«cbrro8lon - e o w rs ' fck@ aggravation o f : 
b r iit te & M #  ? bjv corrosion* 1 b la  not ..consider ©d &d\?isable 
' to. apply 4 e fla ifc e ly .. the, term ■ to  : the. ..fa ilu rea  encountered
-•/• . V ' •• ./• '• '! , •-"*• /• • .* '' d ' . ' V; v;V * " Z  ■.. f ; V ' '1  f ‘ d/'-' f V V ': r ;- I  ,p  ^ ,p. -  J
in .beta brasa* , ■ V ;t ' ’d d ’ d :
n • . Prdd , d : 'dvd : ;.:pdd':Aoteow,Xodt^gogit
-The-candidata ‘wishes to thank the Director end Council 
o f  the B r it is h  Hon-Ferrous Kota la  ^ssoareh Association fo r  
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